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I. Qualifications
ADMINISTRATIVE RECORD

I am Suresh H. Moolgavkar, a physician with a Ph.D. in mathematics and post-doctoral

training in Epidemiology and Biostatistics.

I am currently a Full Member of the Fred Hutchinson Cancer Research Center and
Professor of Epidemiology and Adjunct Professor of Biostatistics at the University of
Washington in Seattle. I have served on the faculties of the Johns Hopkins University,
Indiana University, the Fox Chase Cancer Center and the University of Pennsylvania. I
have been a visiting scientist at the Radiation Effects Research Foundation in Hiroshima,
the International Agency for Research on Cancer in Lyon, and the German Cancer
Research Center in Heidelberg. I have served on numerous review panels and as a
consultant to the National Cancer Institute, the Environmental Protection Agency, Health
and Welfare, Canada, The International Agency for Research on Cancer, and the
Chemical Industry Institute of Toxicology, among others. I am the author or co-author of
more than 130 papers in the areas of Epidemiology, Biostatistics, and Quantitative Risk
Assessment, and have edited three books in these areas. I have served on the editorial
board of ‘Genetic Epidemiology’ and am currently one of the editors of ‘Risk Analysis —
An International Journal’. I am an elected member of the American Epidemiological
Society. I was given the Founders Award by the CIIT Centers for Health Research in
1990 and the Distinguished Achievement Award by the Society for Risk Analysis in
2001.

I have published several papers on fiber-induced carcinogenesis within the last half dozen

years.

My curriculum vitae is attached as Exhibit A to this report. The list of publications I have
authored in the last ten years is included in my curriculum vitae. I have not testified as an

expert at trial or deposition in the past four years.



I am being compensated for this report at an hourly rate of $250. Payment is not
contingent on a specific outcome. I reserve the right to supplement or revise this report to

reflect my review of new information, as appropriate.

In preparing this report, I have considered my knowledge as a physician with a Ph.D. in
mathematics and post-doctoral training in Epidemiology and Biostatistics as well as the
material listed in the References section herein and other material provided to me by

Holme Roberts & Owen.
II. Executive Summary

I have reviewed the literature on the health impacts of asbestos exposure in the Libby
area. In addition to the occupational cohort studies conducted by Amandus and
colleagues and by McDonald and colleagues I have reviewed the studies conducted by
the Agency for Toxic Substances and Disease Registry. I have also reviewed a draft
manuscript by Dr. Alan Whitehouse. In my expert opinion there is absolutely no evidence
that the Libby fibers are any more toxic than other amphiboles. In particular, for cancer
(lung cancer and mesothelioma) a critical examination of occupational cohort studies
strongly suggests that the Libby fibers are no more toxic than those considered in the
EPA IRIS file for asbestos. While there is no IRIS potency number for the non-cancer
end points, particularly non-malignant respiratory disease, there is no evidence to suggest
that the Libby fibers are any more toxic than other asbestos fibers. Most importantly all
studies dealt with individuals who had been exposed to asbestos in Libby before the
closure of mining operations in 1990. Many of these individuals were occupationally
exposed t&;hjgh levels of asbestos. None of the studies has any direct information on the
impact of e_)-(posures post-1990, much less of current exposure, on the health of residents

of Libby.



III. Fiber-Induced Disease

There is incontrovertible evidence that prolonged exposure to either natural or man-made
fibers is associated with increased incidence of lung cancer, mesothelioma and non-
malignant respiratory disease. While the epidemiological evidence is strongest for
asbestos, there is considerable experimental evidence that all fibers have the same
potential to cause disease. Biopersistence is the term used to describe the longevity of
fibers in tissues, which is determined by the rate at which the fibers are cleared by
biological defense systems. The mechanisms of fiber-induced disease are not well
understood but there appears to be broad consensus that the biopersistent long thin fibers

are the most toxic (see Moolgavkar et al, 2001, for a brief review).

The importance of fiber length and biopersistence is recognized by regulatory agencies,
such as the European Commission (EC). In 1997 the EC issued a directive regarding the
labeling of fibers as potential carcinogenic hazards. Fibers could be exempted from the
requirement to be labeled as carcinogens if testing in animals by inhalation showed that
fibers longer than 20 microns had a weighted half-life of less than 10 days. Thus all long
thin fibers have the potential to cause disease. Long thin fibers of amphibole asbestos are
among the more toxic fibers because they are cleared only slowly from tissues, i.e., they
are highly biopersistent. Prolonged exposure to high concentrations of such fibers,

whether occupational or environmental, can lead to malignant and non-malignant disease.

The United States Environmental Protection Agency (EPA) has posted an Inhalation Unit
Risk number for asbestos in its Integrated Risk Information System (IRIS), which is the
agency’s best estimate of the life-time carcinogenic potency of asbestos for continuous
exposure to _l fiber/ml from birth. One of the allegations that the Denver regional office
of EPA appears to make is that the Libby fibers are particularly potent and that risks
posed by these fibers are higher than would be estimated by application of the Unit Risk
(UR) in IRIS. I have examined the available data, including the published
epidemiological studies (Amandus et al, 1986; McDonald et al, 1986; McDonald et al,



2002) and find no evidence that the Libby fibers are any more potent than other

amphiboles. I discuss this in detail below.

The other issue of importance is the contribution made by exposures after 1990, when the
mining operation was shut down, to the burden of asbestos-related disease and lung
impairment in Libby. The level of environmental exposure to Libby tremolite after the
shutting down of mining operations is being addressed in the expert reports of Drs.
Anderson and Lee. I have examined the studies conducted by the Agency for Toxic
Substances and Dose Registry (ATSDR), and Dr. Whitehouse and it is my opinion that
these studies cannot address this issue. All individuals enrolled in these studies were
exposed prior to 1990 and, given the long latent period of asbestos-related disease, it is
impossible to say what contribution, if any, exposure post-1990 made to their reported

disease or impairment. This issue is also discussed in detail below.
IV. EPA’s Unit Risk for Asbestos Carcinogenesis

In 1986, the U. S. Environmental Protection Agency (EPA) published a report, Airborne
Asbestos Health Assessment Update (EPA 1986), which critically evaluated the scientific
asbestos literature available at that time. Among other things, the report estimated the
fractional increased risk of lung cancer and mesothelioma per unit exposure of asbestos.

The bases for the lung cancer potency estimate were 10 epidemiological studies of
workers in the textile production, friction products manufacturing, insulation production,
and mixed product manufacturing or use industries. The bases for the mesothelioma
potency estimate were 4 of those studies for which sufficient data existed to allow for the
estimation of duration and intensity of asbestos exposure, adjusted by the results of
several of the other studies. The report calculated risk by life table methods using a

relative risk model for lung cancer and an absolute risk model for mesothelioma.

In 1993, EPA published an Integrated Risk Information system (IRIS) profile (EPA
1993) on asbestos, which provided an estimate of the inhalation unit.risk of 0.23 per

(£/ml). This value can be interpreted as follows. A cohort of 100,000 individuals exposed



continuously to a constant concentration of 1 fiber/ml of asbestos from birth would
experience 23,000 extra lung cancer or mesothelioma deaths due to the exposure. The
1986 EPA report dealt with occupational exposure to asbestos. In order to derive the
value in the IRIS profile the EPA adjusted for the quantity of fiber that a person could be
expected to inhale under environmental conditions. Because the unit risk value was based
on fiber counts made by phase contrast microscopy (PCM), the IRIS profile wamns
against applying it directly to measurements made by other analytical techniques, such as
electron microscopy. Since PCM detects only fibers longer than 5 microns in length and
wider than 0.4 microns in width, this puts a practical lower limit upon the dimensions of
fibers that will be included in a risk calculation using the EPA potency figure. The IRIS
profile also states that PCM measurements made in conditions where fibers other than

asbestos are present may not be reliable.

It is important to bear in mind that, as described above, the EPA unit potency value of
0.23 per (f/ml) was derived from a number of epidemiology studies that spanned diverse
industries where different types of asbestos fibers were used. Furthermore, the
dimensional characteristics of the fibers were not taken explicitly into consideration in
deriving the potency value. At best, this figure should be considered as being
representative of asbestos toxicity in the large and not reflective of the unique

characteristics of a specific type of asbestos fiber.
V. Occupational Cohort Studies of Libby Fibers and Cancer Mortality

Additional studies have been published that provide information about the risk to humans
who inhale Libby fibers. In the following paragraphs we review these studies with an eye
to developing a unit potency value that reflects the specific characteristics of Libby
fibers.



The Amandus Studies

In 1982, the National Institute of Occupational Safety and Health initiated studies of the
environmental exposures, and mortality and morbidity of employees who were employed
at the Libby, Montana site. In 1987, Amandus et al. published three papers (Amandus et
al a, b ,¢) dealing with various aspects of this investigation. The first paper dealt with
estimating the time-weighted average (TWA) fiber exposure for each job in the Libby
facility and characterizing the type and dimension of fibers in the vermiculite. The third
paper estimated the exposure-response relationship for radiographic findings from
estimates of cumulative exposure. It is the second paper, (Amandus et al. 1987b) in
which the exposure-response association between cumulative exposure and mortality was

estimated, to which I turn my attention.

Amandus et al. studied a cohort of 575 men hired prior to 1970 and employed at least 1
year at the Libby site. Death certificates were obtained for 159 of the 161 men in this

cohort who died, from which the underlying cause of death was coded. Using estimates
of the TWA fiber exposure for each job (Amandus et al. 1987b), the authors developed

for each person in the cohort an estimate of cumulative exposure.

Man-years at risk of dying were accumulated from date of hire to December 31, 1981 or
to date of death for those who died before that date. In this manner, the cohort contributed
13,502 man-years of follow-up. Using U.S. deaths rates as the standard, Standardized
Mortality Ratios (SMRs) were computed and tests for statistical significance employed to
determine whether the SMRs were significantly different from 100. The authors found
that the SMR :was significantly increased for lung cancer (SMR = 223) and nonmalignant
respiratory disease (NMRD) (SMR = 243) but not for other selected causes of death. For
reference, an SMR of 100 would indicate no increase in disease. Thus the analyses in
Amandus et al indicated that the risk of lung cancer was increased 2.23 fold and that of
NMRD 2.43 fold over the general US population. The SMRs for various cumulative
exposure categories (<50, 50-99, 100-399, and >399 f/ml.yrs) showed elevated levels for
lung cancer and NMRD, but statistical significance was achieved only at the >399



f/ml.yrs cumulative exposure for lung cancer and the <50 and >399 f/ml.yrs cumulative

exposure level_for NMRD.

A non-threshold linear regression model was fitted to the SMRs for lung cancer in each
of the four exposure categories described above. The authors found that the slope of the
regression line (potency) for the subset of the cohort consisting of workers with over 20
years of latency was 0.0058. Note that the figures quoted here are one-hundredth of the
ones given in the paper to make them consistent with the way potencies are used in the
IRIS document. That is every f/ml.yr increase in exposure leads to a 0.58 % increase in
lung cancer risk. In tables below I show how this risk and risks estimated from the
McDonald studies (see below) translate into unit risks (URs) for asbestos as defined in
IRIS. The URs thus obtained provide a direct comparison of the potency of the Libby
fibers with the potency of the fibers used to derive the UR in IRIS.

The McDonald Studies

A complementary line of research to the NIOSH investigations was undertaken by
McDonald et al., at the invitation of WR Grace, to assess the health effects of working in
the Libby vermiculite mine. The results were reported in four publications dealing
respectively with a cohort mortality study, a cross sectional radiographic survey, an
investigation of asbestos bodies in sputum, and an electron microscopic analysis of lung
tissue samples at necropsy from ex-employees. The first of these studies, the cohort
mortality study (McDonald et al, 1986), is most relevant to the question of deriving of a
UR value for.Libby fibers. A fifth study (McDonald et al, 2002) reporting further follow-

up of the mprtality cohort has recently appeared and will also be discussed.

The cohort study consisted of all male workers who were employed at Libby before
January 1, 1963 for a period of at least 1 year. Of the 406 men who met these criteria, 226
were alive on July 1, 1983 and 165 reported dead. Another 14 men were known to be
living on December 31, 1981 but their subsequent status was unknown. The cause of

death was coded from death certificates obtained for 163 of the 165 men who died.



Exposure estimates were made, as in the Amandus et al. studies, by estimating prevailing
fiber concentrations at work locations and, through work histories, the cumulative

exposure of each individual in the cohort.

SMRs were computed by comparing mortality of the total cohort with that of white men
in the United States and Montana death rates. The authors found a substantial excess
number of deaths from respiratory cancer (SMR = 245) and from NMRD (SMR = 255).
Using Montana death rates instead of U. S. national death rates increased the SMR for
respiratory cancer to 303. A non-threshold linear regression model was fitted to the
SMRs for respiratory cancer in four exposure categories among the subcohort of workers
with at least 20 years of latency. The estimate of the slope of the regression line (potency)
was reported to be 0.013, which is quite a bit higher than that reported by Amandus. I
have rerun the regression analyses on the data presented in McDonald et al and am

unable to reproduce this result. The results of my analyses are presented below in table 1.

Although there is considerable overlap in the cohorts considered by Amandus and
McDonald, the results of analyses are somewhat different with McDonald reporting a
substantially larger regression coefficient. McDonald et al. attribute these differences to
(1) different although overlapping cohorts; (2) criteria for inclusion in the cohorts; (3)
interpretation of the exposure data; and (4) coding of the death certificates. There could
be other reasons as well for these differences. For SMR computations, McDonald et al.
used Montana death rates as the standard, whereas Amandus et al. used the U.S. death
rates. Furthermore, the exposure categories considered by the two groups of investigators
were differ-ént-. Finally, while Amandus et al used lung cancer (ICD codes 162 and 163)
for their SMR analyses, McDonald et al used respiratory cancer (ICD codes 160-163).

In a recently published paper, McDonald et al (2002) extended their analyses to mortality
in the cohort through 1999. The SMR for respiratory cancers with the extended follow-up
was reported to be 240, which is virtually identical to that reported in the earlier



publication. No regression analyses were reported in this paper. However, [ present some

results of my own analyses below.
V1. Regression Analyses of the McDonald Studies

I note that in the Amandus et al and McDonald et al studies the linear regression analysis
was performed on a subset of the original cohort, consisting of workers with 20 or more
years of latency. Such regression analyses could be performed on the entire cohort as
well, but are not reported in those papers. While the Amandus et al paper reports SMRs
for lung cancer in four broad exposure groups, it does not report the average exposures in
each of these groups, which are required for regression analyses. Thus I could not run any
new regression analyses on the data in Amandus et al. The requisite information is
provided in the McDonald et al paper, however, and I ran a number of regression
analyses on the SMRs for respiratory cancer on the data presented in that paper on both
the full cohort and on the subcohort of individuals with latency greater than 20 years. I
then used the results of thesé analyses to compute the associated Unit Risks (URs). The
computed URs indicate that the Libby fibers are no more toxic than the fibers that went

into the computation of the EPA UR of 0.23.

Since smoking is a strong risk factor for lung cancer with which asbestos interacts
multiplicatively, it is important, if possible, to adjust for smoking when examining the
association between asbestos and lung cancer. The prevalence of smoking was extremely
high in the Libby occupational cohort. Amandus et al report that approximately 80% of
the workers were smokers, and states that the risks estimates for asbestos may be biased
upwards because of this fact. Using the estimate mentioned in Amandus et al of
prevalence of smoking in the general male population of 67%, I used a crude procedure
suggested by Amandus et al (1987a) to adjust the SMRs in McDonald et al and
performed regression analyses on these adjusted SMRs as well. The estimated lung
cancer potencies (slopes of the regression lines) for adjusted and smoking-adjusted SMRs
are shown in table 1 below. The potency used by the EPA and the potency from the

Amandus et al paper are also included for comparison. We note that all estimated



potencies in the Amandus and McDonald cohorts are less than 0.01, the potency in the
EPA 1986 document, which was used in IRIS to develop the UR. It follows that the UR
for the Libby fibers will, of necessity, be less than the UR of 0.23 presented in IRIS. The

computed URs are shown in table 3.

Table 1: Potencies (regression slopes, K| ) for lung cancer from EPA, the Amandus

subcohort with latency greater than 20 years, the entire McDonald cohort and the

subcohort with latency greater than 20 years. NA = not adjusted for smoking; A =

adjusted for smoking.

EPA McDonald et al. (1986) McDonald et al. Amandus et al.
(1986) (2002) (1987)
Entire cohort Sub-cohort Sub-cohort Sub-cohort
NA A NA A NA A NA A
0.01 0.0075 | 0.0058 | 0.0096 | 0.0075 | 0.0056 | 0.043 | 0.0058 *

* Could not be calculated from data in paper.
VII. Development of Unit Risk Values for Libby Fibers

I will use the procedure followed in IRIS to compute the Unit Risks associated with the
various potencies for lung cancer (K|) presented in table 1. The EPA develops a Unit

Risk for cancer in the following steps.

1. Estimate potency for lung cancer (K) from the totality of available occupational
cohort studies. The EPA estimates that K; = 0.01.

2. Estimate potency for mesothelioma (Ky) from the occupational cohort studies. The
EPA estimates that K = 108, The background rate of mesothelioma is assumed to be
0, and £he incidence of mesothelioma in exposed populations is assumed to increase
as a cubic with a latency of 10 years.

3. Adjust these potency numbers to account for the different amounts of air inhaled by a
person occupationally exposed (10 cu m per 8-hour day, or 50 cu m per week) and a
person environmentally exposed (20 cu m per 24-hour day, or 140 cu m per week).

The adjustment factor is thus 2.8 (140/50).

10




4. Use these adjusted estimates of K and Ky along with life tables for male and female
mortality to estimate the excess (over background) risks of lung cancer and
mesothelioma in male and female populations for continuous exposure from birth to

1 fiber/ml.

5. A weighted average of total cancer excess risks in males and females is an estimate of

the Unit Risk.

The EPA procedure results in the following table, which is adapted from table 6-3 in EPA
(1986).

Table 2: Lifetime excess risk per (fiber/ml), also known as Unit Risk.

Male Female Combined

(weighted average)

Mesothelioma risk 0.129 0.184 0.157
Lung cancer risk 0.114 0.035 0.074
Total risk 0.242 0.219 0.230

Adapted from EPA 1986
K. =2.8x0.01;Ky=28x10"
Columns may not add up because of roundoff

I used the same procedure to estimate Unit Risks associated with the range of potencies
for lung cancer (KL) presented in table 1. Because neither Amandus et al. nor McDonald
et al. derived mesothelioma rates, this table maintains the mesothelioma rates used by
EPA in its derivation of the IRIS Unit Risk value. However, it is reasonable to assume
that Ky, the. mesothelioma constant, would change by the same multiple as K;, the lung
cancer pofency (i.e., KJKM would remain constant over the different studies). In fact,
EPA in its 1986 analysis derived a common value for this ratio that it used to derive the
mesothelioma unit potency factor. The resulting Unit Risks are shown in table 3
(combining sex). The table shows the effect both of using the EPA mesothelioma potency
and of adjusting the mesothelioma potency so that the ratio K;/Kpu is constant. Since I
was not able to recalpulate linear regression figures from the Amandus et al. study, only

the effect of adjusting for mesothelioma is shown for that study.
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The multiplicity of estimates of Unit Risk shown in table 3 may appear confusing at first

glance. The range of numbers is meant to show, however, that many different ways of

calculating Unit Risk all yield numbers that are less than the Unit Risk in IRIS. The

highest Unit Risks in table 3 are obtained with no adjustment for smoking and no

adjustment for mesothelioma potency. These estimates almost certainly over-estimate the

Unit Risk. Note that adjustment for smoking means that the potency for lung cancer has

been adjusted to account for the fact that the Libby occupational cohort contained a much

higher proportion of smokers than the general population from which the control rates

were drawn for computation of SMRs. Not adjusting for this difference in smoking habits

results in an upward bias of the lung cancer potency of Libby asbestos and, as a

consequence, an upward bias in the Unit Risk. The one lesson to be taken away from

table 3 is that even under the most conservative assumptions the Unit Risk for Libby

fibers is no higher than the Unit Risk presented in IRIS.

Table 3: Summary of Unit Risks derived from the potencies in table 1. NMA (no

mesothelioma adjustment): Unit Risk calculated using the potency value for

mesothelioma given by EPA; MA (mesothelioma adjusted): Unit Risk calculated by

adjusting the mesothelioma potency as described in the text

McDonald et al. (1986) McDonald et al. | Amandus et al.
(2002) (1987)
Entire cohort Sub-cohort (>20 | Sub-cohort (>20 | Sub-cohort (>20
YT €Xp) YT €Xp) yr €xp)

NMA | MA | NMA | MA NMA MA NMA MA
Adjusted-for. | 0.199 | 0.134 | 0.212 | 0.173 0.188 | 0.099 * *
smoking )
Not adjusted | 0.212 | 0.173 | 0.227 | 0.221 0.198 | 0.129 | 0.199 | 0.136
for smoking

* could not be calculated with data published in paper
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VIII. Conclusions Regarding Cancer Potency of Libby Fibers

I conclude that the Amandus et al. and the reanalyzed McDonald et al. studies produce
risks that are similar to, but generally lower than, the EPA Unit Risk value reported in
IRIS. The range from lowest to highest Unit Risk values is about 2, which is not
unexpected in view of the large uncertainties involved in any analyses of this type. These
data strongly indicate that Libby fibers are not any more toxic than the fibers considered
by EPA in developing its IRIS Unit Risk value. To the contrary, the data suggest that the
Libby fibers could have a Unit Risk less than one-half of the value given in [RIS.
Moreover, these computations are conservative. There is clear indication in both the
Amandus and the McDonald data that the exposure-response relationship for SMRs is
non-linear, suggesting that the risks at lower, environmental, levels is less than would be
inferred from the linear regression. The non-linearity of an exposure-response
relationship for lung cancer SMRs is supported by a recent comprehensive and critical
review of the epidemiological studies of asbestos and lung cancer (Hodgson and Damnton,

2000).
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IX. The Agency for Toxic Substances and Disease Registry (ATSDR) Studies

In response to concerns about asbestos exposure and itg health consequences the ATSDR
undertook two studies in the Libby area in the late 1990s. One was a mortality study,
which used standard epidemiological procedures to investigate whether mortality from
specific causes known to be associated with asbestos exposure was elevated in the Libby
area. The second was a radiographic study of over 6,000 current or former residents of
the Libby area. While historical exposures to asbestos, before the closing of mining
operations in 1990, were high the crucial issue here is if, and to what extent, exposures
post-1990 contributed to the burden of asbestos-related disease in Libby. The ATSDR

studies cannot address this issue as I discuss in more detail below.

The ATSDR Mortality Study

The ATSDR undertook a study of mortality from specific causes in the Libby area over
the 20-year period 1978-1998. Numbers of deaths from specific causes were compared
with numbers that would be expected under national and Montana death rates. Standard
epidemiological and statistical techniques were used to compute SMRs and their
confidence intervals. Given the asbestos exposure in this population the main cancers of

interest were lung cancer and mesothelioma.

The ATSDR reports a small non-significant increase in lung cancer deaths within Libby
City and the extended Libby area using Montana death rates as the standard. With US
death rates as the standard, no increase in lung cancer deaths is reported. This finding is
su:prising’ in view of the fact that SMRs were significantly increased in the occupational
cohorts studied by Amandus and McDonald, and suggests that lung cancer may actually
be decreased in residents of Libby who did not work at the mine. In any case, the number
of lung cancer deaths over the period of the study offers no evidence that environmental

exposures either pre- or post-1990 contributed to the lung cancer mortality in the area.
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The ATSDR reports four cases of mesothelioma over the period of the study. Since the
background rate of mesothelioma is close to zero, this number points to a significant
elevation of risk in the Libby area. However, four cases of mesothelioma are identified in
the McDonald occupational cohort, and it seems highly likely that these are the cases
identified by ATSDR. Thus, the cases in ATSDR can, in all likelihood, be explained on
the basis of occupational exposure. As in the case of lung cancer, this study offers no
evidence that environmental exposure either pre- or post-1990 contributed to

mesothelioma deaths in the Libby area.

I am aware that a number of additional cases of mesothelioma have been reported beyond
those found in the ATSDR or McDonald (1986) studies. I have reviewed Attachment 38
to EPA’s letter of June 4, 2002 that provides the names of 19 people (there is some
ambiguity about the exact count) who reportedly have mesothelioma. Of this number, six
are listed as “not a worker,” which I assume means that they were not occupationally
exposed. However, no further information is given about the conditions of their
exposure. McDonald (2002) reports 8 additional cases of mesothelioma deaths since July
1983 bringing his total to 12 workers, cases that were likely cited in Attachment 38. In
any case, these findings do not shed any additional light on whether post-1990 exposure

contributed to mesothelioma deaths in the Libby area.

Among the causes of death other than cancer, of most interest are the non-malignant
respiratory diseases (NMRD), particularly asbestosis. Eleven deaths from
pneumoconioses are reported over the period of the study. All of these are labeled
asbestosis in the ATSDR report, although it is not clear how this diagnosis was verified.
In any case; the SMR is reported to range between 36 and 47 (depending on the
geographic area of analysis) using the Montana rates as the standard, and between 60 and
75 using the US rates as the standard. Clearly the Montana rates are the appropriate rates
to use for this population. Nonetheless, it is clear that deaths from-asbestosis are
significantly elevated. Of note, however, is the fact that 10 of the 11 deaths were among

males suggesting strongly that occupational exposures were involved in these deaths.
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There is little evidence that environmental exposures were involved in the deaths from

asbestosis.

In conclusion, there is little evidence that environmental exposure to asbestos contributed

to the deaths from respiratory cancer, mesothelioma and asbestosis in the Libby area.

The ATSDR Medical Testing Study

The ATSDR issued a report in August 2001 on the medical testing of individuals in the
Libby area. The bulk of the report deals with the findings of a radiographic study on
volunteers who had lived in the Libby area for at least six months prior to 1990. Thus,
every subject in the study was either occupationally or environmentally exposed to

asbestos prior to the closing of the mine in 1990.

Multivariate logistic regression analyses were conducted to examine the association of
covariates such as age, gender, smoking habits, body mass index (BMI) and, most
importantly, exposure to asbestos. A number of covariates were found to be significantly
associated with radiographic abnormalities including age, gender, and smoking habits.
With respect to asbestos exposure, activities that could have led to significant exposures
were also found to be significantly associated with radiographic abnormalities. Thus the
strongest risk factor for radiographic abnormalities was being a former WRG worker.
‘Recreational’ exposures to asbestos that could have resulted from activities such as

vermiculite popping were also associated with radiographic changes.

Although the study suffers from such limitations as the self-selected study cohort, the
statistical analysis appears to be appropriate. Overall, however, from this stﬁdy itis
impossible to assess the contribution that environmental exposure after 1990 made to the
radiographic findings reported because one of the criteria for inclusion in the study was

residence in Libby for at least 6 months prior to December 1990.

16
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The radiographic studies conducted by Amandus et al (1987) and McDonald et al (1986)
are relevant to_this discussion. The results of these studies clearly indicate that, when
radiographic end-points are considered, there is little evidence to suggest that Libby

fibers are any more toxic than other asbestos fibers.

X. The Whitehouse Study
(Asbestos Related Pleural Disease due to Tremolite Causes Progressive Loss of Lung

Function by A. C. Whitehouse)

EPA’s June 4, 2002 response to Grace’s comments on the Administrative Record states
that, *“...a study being prepared for publication by Dr. Alan Whitehouse found
statistically significant progressive loss of lung function among 67 patients from Libby
with only asbestos-related pleural abnormalities identified on either chest x-ray or CT

scan.”

EPA’s comment is incorrect. What Dr. Whitehouse reported is that 67 of 123 patients
who constituted the study population had no evidence of any interstitial disease identified
on chest x-ray or high resolution CT scanning. Dr. Whitehouse purports to have found, as
far as I could decipher from the Draft Report, a statistically significant annual loss of lung
function, based on the average of the difference between initial and final pulmonary

function measurements taken on 123 patients.

I can only surmise that the Whitehouse draft report represents the earliest stage of the

“study being prepared for publication.” The results reported are virtually uninterpretable,
at least with respect to the principal question of interest, namely is decline in pulmonary
function aég';)ciated with asbestos exposure in a dose dependent way. I highlight some of
the major deficiencies of the paper, which I strongly believe will have to be significantly

revised before it is acceptable for publication in a respected peer-reviewed journal.

1. The analyses are inappropriate and do not exploit the fact that individual level

longitudinal data are available. A better way to analyze these data would be to consider
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each individual's response separately and address the correlations between consecutive
readings by using standard statistical techniques. In particular the whole problem should
have been set up as a regression problem in which pulmonary capacity is modeled as a
function of time depending on a number of covanates such as age, sex, smoking history,
obesity and most importantly history of exposure to asbestos. The coefficients of such a

model could be estimated using generalized estimating equations (GEE) techniques.

2. Because Whitehouse uses averages, the decline in pulmonary function, which
Whitehouse claims is statistically significant, could well be due to a few outliers in the
data with the majority of individuals showing little or no decline in function except that

attributable to aging.

3. Perhaps most importantly as has already been said above Whitehouse makes no
attempt to correlate decline in pulmonary function with asbestos exposure in a
quantitative fashion. Therefore he cannot conclude that the decline is related to exposure,

much less to exposure received post 1990.

4. Whitehouse reports that he used a Sensormedics model 6200 to do the pulmonary
function measurements before 1988 and a Medgraphics model 1085 since that time. His
report does not give any indication of the number of patients whose initial and final
measurements were made on different machines and whether any attempt was made to

calibrate the machines to yield consistent results.

X1. Overall Conclusions

A review of the literature dealing directly with the fibers found at Libby provides no
evidence that these fibers are any more toxic than those that were considered in the
development of the IRIS file. None of the studies can directly address the issue of
whether exposures post-1990 and, in particular, current exposures at Libby pose a
substantial danger to the community. EPA cites no evidence to support its contention that

the population at Libby is sensitized due to prior exposure to asbestos and therefore
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particularly susceptible to additional exposures. There is nothing in the literature to
suggest that incremental expo.sures to asbestos act synergistically with previous
exposures to create a risk that is greater than additive. The only way of assessing the risk
posed by current environmental exposures at Libby is to conduct a sound quantitative risk

assessment.
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Co-chairman of SIMS conference "Modem Statistical Methods in Chronic Disease
Epidemiology" held in Alta, Utah in June 1985
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